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ABSTRACT
The morphology of fifty-six dental casts from pre- to 
early European contact Chamorro skeletal remains from Guam, 
Micronesia is described based on eighteen tooth crown 
traits. Chi-square tests for sex dimorphism do not indicate 
significant differences between males and females. Observer 
error was found for two traits on the upper first molar and 
one on the upper canine.
The Chamorro dentition exhibits a simplified crown 
morphology typical of the Sundadont dental pattern. 
Comparisons of trait frequencies from this study with other 
Asian and non-Asian samples selected from the literature 
support Turner's (1990b) suggestion that the Chamorro likely 
originated in southern Island Southeast Asia.
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CHAPTER 1
INTRODUCTION
The origin of Pacific Islanders has been the source of 
much speculation and discussion since Europeans first 
encountered the islands in the 1500's. The debates continue 
today and scholars have attempted to solve the mysteries of 
migration routes and biological affinity using data from 
linguistics, ethnography, archaeology, physical anthropology 
and genetics. However, Micronesian studies have not been as 
popular as those from Polynesia or the Philippines, for 
example. In 1974 Howells wrote: "...many books have been 
written about where the Polynesians came from but nobody 
cares a straw where the Guamanians came from. And yet it is 
probable that they can tell at least as much about the 
peopling of the Pacific as can the Polynesians" (ibid.:248). 
This is partly due to the enchantment Polynesia holds and 
partly to the small amount of research in Micronesia. 
However, with the influx of population and a growing tourist 
industry in Guam the opportunity for archaeological 
fieldwork, such as cultural resource management, has grown. 
This in turn has produced more information concerning the 
physical status of the pre-historic population and their
1
culture. Unfortunately, little of this valuable information 
is ever published. And while artifacts such as ceramics or 
lithic and shell tools remain curated for future study most 
if not all of the skeletal material is reburied and the
potential for future examination is lost forever.
Doctor Bernardo Arriaza has previously worked in Guam 
Micronesia at the Paul H. Rosendahl Institute (PHRI). In the 
spring of 1993 he was informed by former co-workers of 
several hundred skeletons which were about to be reburied.
He inquired if a student might come and make dental casts 
for a possible thesis and PHRI agreed. The chance to make 
dental casts of a pre- or early European contact skeletal 
population before it was reburied presented a unique 
opportunity not only to study the early inhabitants of Guam 
and to add to the previous research of the area but also to
test Christy Turner's model for the peopling of Micronesia.
Christy Turner has been studying the dental remains of 
Mongoloid populations for approximately thirty years.
Because dental patterns are polygenic, less influenced by 
the environment, and are relatively stable from an 
evolutionary perspective, they are believed to be more 
useful for testing biological affinities among populations 
than skeletons or genetics. This research will be based upon 
the model of migration discussed by Turner (1989). According 
to this model the early anatomically modern humans of Tabon 
Cave, Palawan and Niah Cave, Sarawak (both dating to 40,000 
years) represent a generalized dental pattern. Some 30,000
to 17,000 years ago the generalized dental pattern developed 
into the Sundadont pattern within the area of the Sunda 
Shelf. He proposes two migrations of the Sundadonts with the 
first moving north into China and Mongolia and developing 
into the Sinodont pattern represented by remains from 
Zhoukoudian Upper Cave. The second expansion was into the 
Pacific islands where the people still retain the Sundadont 
pattern today (Turner,1985a,1989, and 1990a). These two 
genetic patterns can be distinguished by the different 
morphology such as wrinkles, grooves, and cusp number seen 
on the tooth crown. Table 1 lists the differences between 
the two -- basically, the Sundadonts retain a simplified 
dental pattern with some crown reduction while the Sinodonts 
show an overall intensification of crown mass such as 
lingual shoveling of the incisors or extra cusps on the 
molars.
Turner's hypothesis of regional development of the 
Sundadont pattern with a northern expansion runs contrary to 
replacement models which indicate the southern Mongoloids 
seen today in island populations are a result of southern 
migrations from the coastal mainland of southeast Asia. 
Futhermore, his contention that Guam was not settled 
directly from the Philippines is debatable as archaeologists 
and linguists cite a number of similarities between the two. 
This thesis will include an analysis and description of 
dental traits from the pre-European Guam skeletal
4
TABLE 1. Dental traits distinguishing Sundadonts from Sinodonts
Trait Sundadont Sinodont
Shoveling k k
Double shoveling k k
Tuberculum dentale k k
Canine distal accessory ridge k k
Hypocone * *
Metaconule k *
Parastyle k k
Multi-lingual cusp no. lower PM2 k -k
Protostylid k k
Metaconulid k k
Cusp 6 k k
Cusp 7 k k
Y groove pattern k *
4 cusped lower molar k k
Deflecting wrinkle k k
Winging* k k
1 rooted upper PM1* k k
Odontome* k k
Enamel extension* k k
3 rooted upper M2* k k
Peg/reduced upper M3* k k
3 rooted lower Ml* k k
* indicates traits not used in this study
** indicates trait occurs in higher frequencies
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collection. From this analysis it should be possible to 
determine if this population falls within the expected 
Sundadont pattern, thus supporting Turner's model. In 
addition, an effort will be made to determine the possible 
relationship between Guam and the Philippines by examining 
other theories on the peopling of Southeast Asia which are 
based on linguistics, archaeology, and physical 
anthropology. It is expected that the dental traits of the 
Chamorro (the name given to the indigenous population as 
well as their language) will indeed fall within the 
Sundadont pattern. However, contrary to Turner, it is 
believed the evidence will support the Philippines as a 
possible migration route for the Chamorro.
General environment Of the Marianas
The whole of Oceania is divided into three areas 
Melanesia (dark islands), Polynesia (many islands), and 
Micronesia (small islands). Micronesia is made up of about 
3000 islands spread over an area approximately 11,649,000 
square kilometers, yet all of the islands combined yeild a 
total land area of only 3,227 square kilometers (Craib,1983; 
Stanley,1992). The islands, mostly coral atolls, are divided 
into four archipelagos, the Marianas, the Carolines, the 
Gilberts, and the Marshalls. This thesis is concerned only 
with the Mariana Islands (Fig.l), and specifically Guam, 
which is situated close to Island Southeast Asia.
The Mariana Islands are a group of volcanic islands 
running approximately north-south along the Mariana Trench 
at 13 degrees N latitude and 145 degrees E longitude. Guam 
is located at the southern tip of the Marianas chain of 
islands and is shaped somewhat like a footprint (Fig. 2), 
approximately thirty miles long and four miles wide. When 
divided in half the northern portion of Guam is mainly 
limestone plateaus and high cliffs while the southern half 
consists of volcanic mountains and jungles.
The temperature on Guam hovers around 80 degrees and 
varies little throughout the year. However, the island is 
susceptible to typhoons from June to November (Stanley,
1992; Thompson 1957) and is also prone to earthquakes due to 
its location on the Philippine Plate. Howells (1974) notes 
the havoc wrought by a typhoon in 1960 which destroyed two- 
thirds of the canoes and two-thirds of the food resources. 
Despite intermittent typhoons or earthquakes the island was 
not inhospitable. Although no domesticated animals are known 
to have been on the island, the Chamorro gathered shellfish 
and were expert sailors and fishermen. Rivers on the island 
provided fresh water year round and the climate was 
conducive to growing such plants as yams, taro, bananas, and 
even rice. Population estimates at the time of Spanish 
contact range from 35,000 (for the island of Guam alone) to 
180,000 for all of Micronesia (Howells,1974; Lessa,1975; 
Oliver,1989). This alone should attest to the islands
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Figure 2. Map of Guam 
(Drawing: A. Madsen)
capability of supporting life as well as the Chamorro's 
skill and adaption to island subsistence.
Physical appearance of the Chamorro
The Chamorro today are of mixed heritage consisting 
mainly of Spanish, Filipino, and Japanese. A study of Human 
Leukocyte Antigens (HLA) by Serjeantson (1985) found 36% of 
Caucasian admixture and 17% Filipino and pedigree analysis 
in the late 1700's indicated approximately 25% Spanish- 
Chamorro admixture. Thus, any extrapolation of their 
appearance today may be misleading given the amount of 
genetic admixture over the last 400 to 500 years.
Early descriptions by the Spanish in the mid to late 
1500's are rare but the few that exist tell of a people who 
were large and robust. Analysis of skeletal morphology 
supports the early Spanish reports and indicates "well 
developed musculature" and a stature range for males of 5"6" 
to 6" (1.67m to 1.80m) and 5'2" to 5'6" (1.58m to 1.68m) for 
females (PHRI Draft Report 797-01309, 1992:5).
Spanish accounts also describe the Chamorro as having a 
tawny complexion, lighter than the Filipinos, and very long, 
dark, straight to wavy hair on both men and women. The men 
would sometimes tie their hair in a knot at the crown of 
their heads. Black stained teeth from betel nut chewing was 
also noted (Beardsley,1973; Howells,1974; Lessa, 1975).
These stained teeth were found in 24 (n=63) of the
10
individuals in this study and chewing appears to have 
started early as one juvenile (12-13 years old) had stained 
teeth.
CHAPTER 2
MATERIALS and METHODS 
Samples
Analysis of the Chamorro dentition is based on dental 
impressions taken by the author in 1993 from randomly 
selected skeletons which were recently housed at the Paul H. 
Rosendahl Institute (PHRI) on Guam, Micronesia. The sample 
size of this sudy was expected to be larger but, by the time 
of the author's arrival in Guam, approximately 200 
individuals had just been reburied. The skeletons used for 
this study were excavated from nine sites, eight located on 
Guam and one on Saipan. All are believed to be pre-European 
contact or early European contact. Early reports of carbon 
14 dates from the combined sites range from approximately 
200 A.D. to 1650 A.D.
After preliminary examination of the dentition casts 
were made only of specimen whose teeth appeared in good 
condition. No casts were made of individuals with teeth 
exhibiting a great deal of dental wear or with too many 
missing teeth. In all 100 casts were made of sixty-three 
individuals (Table 2). Thirty-three males, twenty-six 
females, and four juveniles of unknown sex are represented.
11
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The ages range from five years to sixty-plus with the 
average being approximately twenty-six to thirty-one years. 
For purposes of this analysis only individuals with known 
sex were used and no juveniles were included. The total 
sample for the study is then fifty-six individuals.
In addition to the sample collected from Guam for the 
present study several populations were selected from the 
literature (Table 3) to use for comparative purposes.
Casting procedures
Using perforated dental trays alginate impressions were 
taken of the upper and/or lower dentition following the 
manufacturer's instructions. Yellow labstone was used to 
make the positive cast. The labstone was poured immediately 
after the impressions were made in order to prevent any 
shrinkage or distortion. After hardening, the cast was 
removed from the impression material and placed into a 
perforated bag and sealed. They were then transported from 
Guam to the physical anthropology laboratory at the 
University of Nevada, Las Vegas (UNLV) where they will 
remain for future research.
Scoring procedures
Examination of the casts took place at the UNLV 
laboratory and observations for each individual were 
recorded on separate scoring sheets (Fig. 3) designed for 
this study. A total of nineteen non-metric traits were
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Table 3. Sources selected from the literature for 
_____________________________population comparison__________ ____
Population
(abbrev.) N Source Reference
Guam 1 (Gul) 56 PHRI Guam Present study
Bishop Museum,
Cal.St. U. L.A., Mus. 
Guam 2 (Gu2) 227 de 1'Homme, U.Guam Turner, 1990
Taiwan (Tai) 150 Living Ami Taiwanese
Manabe, 
et.al., 1992
Ainu (n/a)
Living and skeletal, 
85 U. Mus. of U. Tokyo
Turner and
Hanihara,
1977
Melanesia 
(Mela) 48
Living males from 
West Nakanai 
Villages, New Britain
Turner and 
Swindler,1978
Prehistoric 
Taiwan 
(P.Tai) 19-25 Prehistoric Taiwan
Philippines
(Phil)
East Malay 
Archipelago 
(E.Mal)
Philippines, 1 & 2 
Batak, Banton,
29-171 Calatgan, Penablanca
N/A
Timor, Celebes, 
Moluccas, Lesser 
Sunda
Turner, 1987
Jomon (n/a) 49-377
Jomon,Ota,
Tsukumo,SW,Yosekura, 
Hokkaido, Yoshiko
N. China- Urga, Anyang, Buriat
Mongolia 1 & 2, Mongol 2 & 3,
(N.Chi) 258-419 Tibet, N. China
Causcaians
(Cauc)
Eastern Colorado 
87 living__________ Scott, 1973
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selected and every tooth was scored in order to provide an 
overall description of the Chamorro dental morphology. The 
scoring form includes winging, however, this trait was not 
scored due mainly to either casting problems associated with 
the large dental arch of many Chamorro or broken mandibles. 
Also, although the parastyle was scored no further 
discussion concerning this trait will be presented as only 
one individual was scored as having the trait.
The teeth were scored following the Arizona State 
University (ASU) Dental Anthropology System (Turner et al, 
1991). Because the traits are considered to be quasi- 
continuous they display a range of variation from complete 
absence to maximal expression. The ASU system was set up in 
an effort to create a standardized form of scoring that 
takes this range of expression into account and results in a 
more accurate description of the population. Standardized 
dental plaques (distributed by ASU) show the ranked 
expressions of each trait and were designed to follow along 
with the grading system. These plaques are useful in the 
scoring process for several reasons. First, they are an 
especially helpful visual aide for distinguishing one grade 
from another. Second, they are designed to help decrease the 
possiblity of intra-observer and/or inter-observer error. 
Third, the system allows results obtained from different 
researchers to be combined and used in other comparative 
studies (Mayhall, 1992; Turner, 1985; Turner et al,1991).
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All of the teeth are scored and recorded for each 
individual, however, only the antimere which displays the 
maximum expression of the trait is counted and used in the 
statistical analyses. This method assumes that the tooth 
exhibiting the maximum expression is a more accurate 
reflection of the individual's genetic make-up. If a tooth 
is missing then symmetry is assumed and the one tooth 
present is scored for the trait(s) and if both teeth are 
present and symmetry exists then still only one tooth is 
scored (Scott, 1973; Turner, 1985; Turner et al, 1991).
Statistical tests
Sex dimorphism
The chi-square test for homogeneity is used to 
determine the presence of sex dimorphism. While metric 
analysis of teeth often reveals significant differences 
between males and females, most notably in the upper and 
lower canines and the first and/or second molars, a 
"consistent sex dimorphism has not been demonstrated for any 
single nonmetric dental trait" (Goose,1977; Lundstrom,1977; 
Smith,1977; and Scott,1973:52).
The sample size in this study is rather small (n=56). 
Loss of further data due to tooth loss, worn teeth, or 
complete absence of a particular trait within the sample 
population contributes to the likelihood that the expected 
frequencies of the cells will fall below five. In an effort
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to avoid this restriction all chi-square tests were set up 
in two by two tables. The expressions represented in the 
cells are not dichotomized into "real" presence or absence 
but rather in a way that will bring about higher 
observed/expected frequencies.
It is also recommended that Yate's correction for 
continuity be used for chi-square tests where the expected 
frequency is less than 5 in 20% of the cells, less than 10 
in a two by two table, or when the degree of freedom is 
equal to one (Scott,1973; Thomas,1986). Because all of the 
tests were set up in two by two tables with a degree of 
frequency equal to one and each of the tests had at least 
one cell with an expected frequency of less than ten, Yate's 
correction for continuity was used in every test. The level 
of significance is set at 0.05 as this is recommended for 
small samples (Thomas,1986; Porter and Hamm,1986).
The hypothesis being tested is that: the expected 
frequencies will equal the observed frequencies —  there is 
no difference between males and females for a given 
nonmetric dental trait.
Intra-observer error
The second statistical method used in this paper is the 
dependent t-test, also known as a repeated measures test. 
Following Nichol and Turner (1986) this test is used to 
determine if intra-observer error is present in the scoring 
process. The hypothesis states: the mean of the first test
2 0
should equal the mean of the second test. The level of 
significance is 0.05 (two-tailed test). Scoring differences 
of one grade and more than one grade between tests are also 
tabulated as well as discrepencies of presence and absence.
In an effort to become "unfamiliar" with the Chamorro 
dental patterns a period of approximately nine months was 
allowed to pass before scoring the teeth again. For this 
second test a subsample of twenty-nine individuals, male and 
female, were selected from the original sample. Twenty-seven 
of these had both the mandible and maxilla present while two 
had only the maxilla.
Dental traits used in this study
Shoveling and double shoveling 
Shoveling is found on the lingual surface of the upper 
and lower incisors and upper canines (Photographs 1 and 2) 
and is defined as "...a peculiar, pronounced hollow of the 
lingual surface of the teeth, bounded laterally or 
surrounded by a well-defined elevated enamel border" 
(Hrdlicka, 1920:429). Double shoveling occurs when the enamel 
border developes on both the lingual and labial aspects of 
the incisors or canines. The trait is also known to have 
occurred in non-human mammals as well as in fossil hominids. 
Weidenreich (1937) noted that the shovel shaped incisors of 
Sinanthropus compare favorably with those of recent Asians 
while Neanderthals tend to show more intermediate
Photograph 1. Dental cast showing absence of 
shoveling on the upper incisors and canines. Note 
the presence of Carabelli's complex on the mesio- 
lingual surface of the right and left first molars 
(Photo. J. Lawrence).
Photograph 2. Dental casts showing shoveling 
of the upper incisors and canines (Photo. J. 
Lawrence).
expressions of the trait. The variations in degree of 
expression seen in modern man are also present in the early 
hominids such as Australopithecine and Neanderthal 
(Carbonell,1963; Hrdlicka, 1920; Turner,1987).
The anthropological value of shovel shaped incisors was 
first discussed by Hrdlicka in 1920. His research of various 
populations indicates the trait is more likely to be 
associated with Native American and Asian dentition and is, 
therefore, a useful tool for determining biological 
affinity particularly for the Asian groups. His results have 
been supported by numerous other studies (including 
Carbonell,1963; Hanihara,1967,1976; Hanihara,1992;
Jacobson,1982; and Scott,1973).
Origin and phylogenetic significance of lingual 
shoveling are still unknown but it has been suggested that 
the trait may have developed in response to stressors placed 
on the teeth which eventually led to a functionally stronger 
tooth (Dahlberg,1963; Hrdlicka,1920). However, this theory 
has been questioned by Turner (1990a) who notes the 
dentition of the Australian Aboriginals was also subjected 
to heavy chewing forces and yet they exhibit a low incidence 
of shoveling. Also, one must wonder why a particular trait 
which is supposed to strengthen the tooth has the added 
disadvantage of making the tooth more prone to caries 
depending on the diet of the population (Mayhall,1977).
Classification of lingual shoveling was originally set 
up as a four grade system using shovel, semi-shovel, trace,
and no shovel to describe the variability of expression seen 
in the trait (Hrdlicka,1920). This is purely a subjective 
technique and in order to create a more objective study 
others (Carbonell,1963; Hanihara,1976; and Kirveskari,1974) 
use a modified Boley guage to measure depth of the lingual 
fossa as a grading criteria. Hanihara (1976) notes that 
measuring the depth of the lingual fossa correlates well 
with the observational grading system. However, Scott (1973) 
points out that there may be problems in measuring the fossa 
due to attrition, lingual tubercles, or casting errors if 
casts are used. The grading system used for this study 
follows Scott (1973) who expanded Hrdlicka's classification 
into eight grades because he noticed that in "...Asian or 
Asian-derived groups, the discriminatory power of shoveling 
may be lessened with just four grades as the semi- and full- 
shovel categories mask a considerable degree of variable 
expressivity" (1973:23).
Hrdlicka (1920) notes the variability that exists on 
the location of the trait. For example, it is usually 
located on all four incisors but may be more pronounced in 
the lateral incisors or the central incisors or present on 
one side and not the other. Other studies indicate that 
shoveling is more likely to occur on the lateral incisors 
than the central but not to any significant degree 
(Carbonell, 1963; Lasker, 1950). Although all incisors and 
canines are scored in this study, only the upper central 
incisors are used for comparative purposes.
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Shoveling Double-shovel
0 = None
1 = Faint
2 = Trace
3 = Semi-shovel
4 = Semi-shovel
5 = Shovel
6 = Marked shovel
7 = Barrel shaped
0 = None
1 = Faint
2 = Trace
3 = Semi-double shovel
4 = Double shovel
5 = Pronounced
6 = Extreme
Tuberculum dentale
Tuberculum dentale is described as ridges that occur on 
the lingual surface of the central and lateral incisors as 
well as the canines (Photograph 3). Harris (1977:72) notes 
the tubercules are also found on the mandibular canine but 
that they are rare and marked expressions are unknown. 
Tubercules are defined as "..a smaller elevation on some 
portion of the crown produced by an extra formation of 
enamel. They are deviations from the typical form"
(Wheeler,1975:9).
The tubercles have been found in fossil hominids such 
as Neanderthal, Sinanthropus, and Australopithecus and is 
often seen in conjuntion with shoveling though the two do 
not appear to be related (Carbonell,1963; Lasker,1950). 
Hrdlicka (1920:4 63-4 65) notes the tubercle or median ridge 
is as old if not older than shoveling, however, it is "...a 
quite separate, and yet apparently functionally connected 
feature."
2 6
Photograph 3. Dental cast showing tuberculum 
dentale on the lingual surface of the upper 
incisors and canine distal accessory ridge on the 
disto-lingual aspect of the upper canines Photo. 
J. Lawrence).
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Few studies have been done discussing the frequency of 
this trait and it apparently is not as useful as other 
dental characteristics such as shoveling or Carabelli's 
trait in distinguishing one population from another 
(Kirveskari,1974; Lasker,1950). Therefore, it is discussed 
here for descriptive purposes and is not given weight in 
population comparisons. The upper lateral incisor is 
recommended for describing populations (Turner,et.al.,1991). 
Scoring is as follows:
Tuberculum dentale
0 = Absent
1 = Faint ridging
2 = Trace ridging
3 = Strong ridging
4 = Pronounced ridging
5 = Weak cusp is present
6 = Strong cusp is present
Canine distal accessory ridge 
The canine distal accessory ridge is located on the 
disto-lingual aspect of the upper and lower canines 
(Photograph 3) but it tends to be more frequently pronounced 
on the upper canines (Scott,1973). There appears to be 
little discussion of this trait in the literature and few 
studies have been conducted to determine the significance of 
the accessory ridges for population studies. Turner,et.al. 
(1991:17) point out that the ridges are easily worn off 
because no dentin is involved in their development and as a
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result only children and young adults should be scored. This 
was certainly the case in the present study as most of the 
canines were worn and often on the distal aspect where one 
would look for the ridge. Due to the low frequency and the 
amount of wear on the lower canines only the upper are used 
for descriptive purposes here.
Canine distal accessory ridge
0 = Absent
1 = Faint ridge
2 = Weak ridge
3 = Moderate ridge
4 = Strong ridge
5 = Pronounced ridge
Metacone and hypocone 
The metacone is the distobuccal cusp, or cusp three, of 
the maxillary molars and is older and, therefore, more 
stable than the hypocone (Kirvirsky, 1974:29). It is graded 
according to its size and the third molar is used for 
population comparisons as the first and second molars rarely 
show absence or reduced forms of this cusp (Turner,et.al., 
1991).
From an evolutionary perspective the hypocone is the 
fourth, or distolingual, and the last cusp to be added. In 
most populations it is usually large on the more stable 
first molar but its occurance and size varies within and 
between populations on the second and third molars
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(Dahlberg,1963; Jacobson,1982; Kirveskari,197 4; and 
Turner,1991b). The upper second molar is most often used for 
population comparisons. Size of both the metacone and 
hypocone is based on a graded scale ranging from absent (0) 
to very large (5). Scoring for both is the same.
Metacone/Hypocone
0 = Absent
1 = Faint ridging
2 = Faint cuspule
3 = Small cusp
3.5 = Intermediate cusp
4 = Large cusp
5 = Very large cusp
Metaconule
The metaconule, or cusp 5, is a distal accessory cusp 
of the upper molars. The term cusp 5 for the upper molars 
should not be confused with Wheeler's (1974) tubercle of 
Carabelli which he also refers to as a fifth cusp. Turner 
(1983:33) describes Sinodonts as having higher frequencies 
of the hypocone and metaconule and though he notes "...no 
obvious selective mechanism can be identified" for this 
trait, Harris and Bailit (1980) attribute its functional 
relationship to more stable contact between occluding 
molars. In their studies on Melanesians they found the 
metaconule is more common on the first molar but size 
increases from the first molar to the third molar. They 
conclude the upper first molar is the center of
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morphogenetic field as the trait incidence is higher and 
least variable on this tooth. Thus, the first molar is 
considered more meaningful in population studies and 
comparisons (1980:356).
Metaconule
0 = Absent
1 = Faint cuspule
2 = Trace cuspule
3 = Small cuspule
4 = Small cusp
5 = Medium cusp
Carabelli's complex 
Carabelli's is a supernumerary cusp which occurs on the 
mesiolingual aspect of the protocone or cusp 2 of the upper 
molars (Photograph 1). It is also known as Carabelli's 
tubercule or cusp, Carabelli's trait, Carabelli's anomoly, 
and the fifth cusp. The term fifth cusp, as noted, is rather 
confusing as the metaconule is often referred to as cusp 5. 
The two are quite distinct as the metaconule occurs on the 
distal occlusal portion of the molars between the metacone 
and hypocone and Carabelli's is found on the mesiolingual 
aspect of the first cusp or protocone (Harris and Bailit, 
1980: Turner,et.al., 1991). According to Harris the term 
fifth cusp for Carabelli's "...disregards paleontologic and 
anatomical considerations." This paper follows his 
suggestion and uses the term Carabelli's complex as the
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trait includes a range of variability from absence to pits, 
furrows and grooves which have been referred to as negative 
structures (Kirveskari,1974) to large cusps. The various 
degrees of expression of the trait are most often found on 
the first molar and occur less frequently on the second and 
third molars.
There is little disagreement in the literature 
regarding the usefulness of Carabelli's for populations 
studies. Pronounced forms of the trait are seen more often 
among Europeans or Caucasions and are infrequent among the 
Asian populations (Goose,1977; Hanihara,1976 ,1977;
Kraus,1959; Scott,1973; and Turner,1991). Krauses' (1959) 
study of southwestern ethnic groups distinguishes Mongoloid 
and Caucasoid populations based only on the presence or 
absence of the cusp form. However, he notes finer 
distinctions may be made within and between groups by using 
his five grade classification system which includes pits and 
grooves as expressions of Carabelli's complex. This study 
follows Turner, et.al. (1991) which does include these 
various expressions as part of the grading process.
Carabelli's complex
0 = Absent
1 = Line or furrow is present
2 = Pit is present
3 = Small Y depression
4 = Large Y depression
5 = Small cusp present
6 = Medium cusp present
7 = Large cusp present
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Premolar lingual cusp number
As described by Kraus and Furr (1953:559) "A lingual 
cusp is defined as having an independent apex, however 
slight. The deuteroconid is considered a lingual cusp, even 
though it may be fused with the protoconid. Hence, by 
definition there is always at least one lingual cusp per 
premolar." On the other hand, others note that due to 
variation in the grooves or ridges it is possible for the 
lingual cusp to be absent on the premolar (Taylor,1978; 
Turner,et.al.,1991). Scott (1973:32) feels that simply 
counting the number of cusps is inadequate and suggests that 
noting number as well as the size and postition of the 
cusp(s) is more informative. This study follows Turner, et. 
al. and grades for number of cusps along with the size of 
the extra cusps in relation to each other.
In an examination of 17 traits on the lower first 
premolars of Native Americans, Caucasians, Chinese, African 
Americans, and Mexicans Kraus and Furr (1953:556) attempted 
to describe which traits were common in human populations 
and to determine the mode of inheritence for lingual cusp 
number on the premolars. The results led them to conclude 
that the premolars display an "extremely wide range of 
morphologic variability." They also note there is a lack of 
definitive criteria for traits associated with the premolar, 
making racial classifications and studies of inheritance 
next to impossible. Because of their statement and the lack
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of discussions in the literature concerning the premolars, 
only a description of the premolar lingual cusp number 
occurring in the Chamorro dentition will be discussed here.
Premolar lingual cusp number
A = Absent
0 = One lingual cusp
1 = One or two lingual cusp(s)
2 = Two cusps, mesial is much larger than distal
3 = Two cusps, mesial is larger than distal
4 = Two cusps, mesial is equal to distal
5 = Two cusps, distal is larger than mesial
6 = Two cusps, distal is much larger than mesial
8 = Three cusps equal in size
9 = Three cusps, mesial is larger than
median/distal
Groove pattern, cusp number, 
and deflecting wrinkle
The Dryopithecus or Y5 groove pattern (Fig. 4) is found 
on the occlusal surface of the lower molars. Cusp number is 
considered in conjuction with the groove pattern and is 
usually written with the groove pattern first followed by 
the cusp number such as Y5 or +4. The particular groove 
pattern that occurs is determined by the relationship of the 
cusps to each other and their size (Dahlberg,1963). For 
example, a Y groove is created when the metaconid (cusp 2) 
and the hypoconid (cusp 3) are in contact, a cross (+) is 
formed when four cusps touch each other and an X when the 
protoconid (cusp 1) and entoconid (cusp 4) contact.
According to Heilman (1928) the Y5 pattern was found on 
all lower molars of Dryopithecus (approximately 25 mya. ), 
hence the name for the pattern, but it is also found in 
modern anthropoids such as the gorilla, chimpanzee, and 
orangutan. Heilman (1928:162) first suggested that in modern 
man the "primitive" Y5 pattern is progressively changing 
into a "progressive" +4 pattern particularly in the lower 
second molar. He also noted the change was taking place at 
different rates among the various populations. Jorgensen 
(1955) later added the X pattern and developed the standard 
for the Y, X, and + which is still followed today.
From an evolutionary viewpoint these changes in the 
cusp number and groove pattern can also be seen in fossil 
hominids such as Australopithecus, Paranthropus,
Sinanthropus, and Neanderthal but Kiverskari (1974:40) 
points out the sequence of change is more likely "Y5 - +5 - 
X5 - X4 - +4 - Y4" not the +4 as suggested earlier by 
Heilman. Of the three lower molars the first is considered 
to be ancestral since it still retains the Y5 pattern, the 
second is more recent as it has a higher frequency of the +4 
pattern, and the third is intermediate. The lower second 
molar is used for comparative purposes as this tooth 
displays more variability among populations (Turner,1991a).
Questions concerning the association of cusp size and 
number to the groove pattern have been raised often in the 
literature and it is suggested the deflecting wrinkle (Fig.
5) may also be responsible for the appearance of the Y
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pattern. As Morris (1970:100) writes, "The presence of a 
well-developed deflecting wrinkle serves to project 'cusp 2' 
distalward thus ensuring a contact with cusp 3 and hence the 
identification of the Y pattern." He concludes that reports 
of frequency of the molar groove pattern should also include 
discussions on the deflecting wrinkle.
The deflecting wrinkle, according to Lasker (1950), was 
first recognized in early hominids from Java by Weidenreich 
who in 1937 described the trait as an enamel ridge located 
on the occlusal surface of the metaconid, cusp 2, of the 
lower molars. The ridge varies from straight (considered 
absent) to a distally deflected L-shape (full expression). 
Following Morris (1970) this trait will be considered in 
conjunction with the Dryopithecus pattern.
Cusp number Groove pattern
4 = cusps 1-4 present Y = cusps 2 & 3 contact
5 = cusp 5 is present + = cusps 1 - 4  contact
6 = cusp 6 is present X = cusps 1 & 4 contact
Y + X
Figure 4. Groove patterns on the lower right 
molar showing where cusps contact (Drawing*. A. 
Madsen).
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smal l
d e f l e c t i o n
Deflecting wrinkle
0 = Absent
1 = Straight ridge
2 = Slight distal deflection
3 = L-shaped deflection
c o n s t r i c t e d  
r idge
L shape  
d e f l e c t i o n
Figure 5. Deflecting wrinkle on cusp 2 of the 
lower right molar (Drawing*. A. Madsen).
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Cusps 6 and 7
Cusps 6 and 7 are accessory cusps found on the lower 
molars (Photograph 4). Cusp 6, also know as the entoconulid, 
is a distal cusp located between the entoconid and the 
hypoconulid. Cusp 7, or metaconulid, is an occlusal cups 
located lingually between the metaconid and entoconid. Both 
cusps have been found in varying frequencies in modern man 
as well as fossils such as Dryopithecus, Gigantopithecus, 
Sinanthropus, and Neanderthal (Heilman.1928;
Kirveskari, 1974; Suzuki and Sakai, 1973).
Heilman (1928), in his paper on the Dryopithecus 
pattern, noted that in modern human populations the sixth 
and seventh cusps, in general, occur more often among Asians 
and Africans or African Americans and least often in 
Caucasians. However, he also points out that no Chinese were 
reported as having the sixth cusp and only 5% exhibited the 
seventh cusp. Hanihara also believes that cusps 6 and 7 are 
useful for determining biological affinity, partiularly in 
distinguishing Asian populations, and he therefore includes 
both in his Mongoloid dental complex (1967,1976, and 1977).
According to Dahlberg (1945) the frequency of the sixth 
cusp should increase from the deciduous second molar to the 
third molar. Susuki and Sakai (1973) disagree and find that 
cusp 6 occurs more often on the first permanent molar and 
less on the second molar in Polynesians and other Mongoloid 
races. Among Skolt Lapps a higher frequency occurs on the
Photograph 4. Dental cast showing cusp 6 on the 
distal occlusal surface of the lower left first 
molar. The same tooth also has cusp 7 located 
lingually between cusps 2 and 4 (Photo. J. 
Lawrence) .
third molar followed by the first and finally the second 
(Kiverskari, 1974).
Cusp 7 is said to occur only rarely in all populations 
and apparently has little discriminatory power when only the 
weaker forms of expression are used. When the weaker 
expressions are not considered then "...most populations 
would have a frequency of cusp 7 below 10%" (Scott,1973:211 
and Kirveskari,1974). The weaker forms of cusp 7 are 
included in this study when discussing the frequency of 
occurence for the Chamorro. Suzuki and Sakai (1973) found a 
very high incidence of cusp 7 on the deciduous molar of 
Polynesians, however, the lower permanent molars were not 
particularly different from other populations. Similar 
results were reported by Axelsson and Kiverskari (1979:81) 
for living Icelanders and as a result they suggest the 
Mongoloid dental complex should be "...restricted to 
comparisons between the major racial stocks..."
When either of these cusps are present they are scored 
according to their size. Cusp 6 is scored by size relative 
to the hypoconulid or cusp 5.
Cusp 6
0 = Absent
1 = much smaller than cusp 5
2 = smaller than cusp 5
3 = equal to cusp 5
4 = larger than cusp 5
5 = much larger than cusp 5
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Cusp 7
0 = Absent
1 = Faint cusp
1A = Faint tipless cusp
2 = Small size cusp
3 = Medium size cusp
4 = Large size cusp
Protostylid
The protostylid is an accessory cusp located on the 
buccal surface of the protoconid, cusp 1, of the lower 
molars (Photograph 5). First described by Bolk (1916), 
Dahlberg (1950:15) later referred to the "cusp" as a stylar 
noting that it originates on the cingular region of the 
buccal surface of the tooth rather than on the occlusal 
surface as a true cusp. Hence, the tubercle is named 
according to where it is located on the tooth - protostylid 
if it occurs on the buccal surface of the protoconid on the 
lower molars and parastyle if it occurs on the buccal 
surface of the paracone on the upper molars.
The trait has been found on fossil hominids such as 
Australopithecus, Meganthropus, Sinanthropus, and 
Neanderthal but appears to be rare in modern man 
(Dahlberg,1945,1950). Hanihara (1967,1976) notes frequencies 
of the protostylid are more likely to occur in Asians than 
in other populations and thus includes the protostylid in 
his Mongoloid dental complex. Scott (1973) found the trait 
in 44% of the Caucasians but once again none scored above
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Photograph 5. Dental cast showing large protostylid 
on the buccal aspect of the lower left second molar 
(Photo. J. Lawrence).
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grade 3. More importantly, it should be noted that 41.4% 
were scored for presence of the pit only. This resulted in a 
frequency of only 5% in Caucasians and is similar to results 
reported by Dahlberg (1963). Kirveskari (1974:52) notes the 
expression of the pit "...does not seem to show any affinity 
to race and its frequency appears to be independent of that 
of the other protostylid expressions." Although the pit is 
often not used for population comparison it is scored here 
for descriptive purposes as well as comparative purposes as 
some of the literature (i.e. Turner,1987) includes the pit 
as an expression of presence.
Protostylid
0 = Absent
1 = Pit is present
2 = distally curved buccal groove
3 = Faint secondary groove
4 = Slight secondary groove
5 = Pronounced secondary groove
6 = Small cusp present
7 = Cusp with free apex
CHAPTER 3
RESULTS
Sex Dimorphism
Both males and females have been pooled in this study 
as chi-square tests produced no significant differences at 
the 0.05 level for this sample (Table 4). It is unusual that 
no sex dimorphism was found on any of the teeth and the 
suggestion offered at this time is that the results are 
likely due to the small sample size. Only the hypocone on 
the upper second molar may be considered suspect. The chi- 
square value of 3.04 is a result of males in this sample 
having a higher frequency of presence and greater expression 
of the hypocone on the second molar than females. Table 5 
presents a comparison of the frequencies of each trait for 
males and females. Of the seventeen teeth scored for the 
hypocone 23.5% (4/17) females lacked the cusp compared to 
only one male. Also, males exhibited the large cusp (grade 
4) approximately two times more than the females (n=9/17 and 
4/17 respectively).
In measuring tooth diameter of the Habbanites, an 
isolate group in Israel, Smith (1977) found significant sex
4 3
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Table 4. Results of chi-square tests for sex dimorphism
Trait Tooth Absence Presence __ df X
Shoveling UI1 0-1 2-6 1 0. 04
Shoveling UI2 0-1 2-6 1 0. 00
Double shovel UI1 0 1-6 1 0. 00
Double shovel UI2 0 1-6 1 0.18
T. dentale UI2 0 1-6 1 0.43
Canine d.a.r. UC 0-2 3-5 1 0. 05
Metacone UMl 0-4 5 1 1.33
Metacone UM2 0-4 5 1 0. 94
Hypocone UMl 0-4 5 1 0. 95
Hypocone UM2 0-3.5 4-5 1 3. 04
Metaconule UMl 0 1-5 1 0.22
Metaconule UM2 0 1-5 1 0. 01
Carabelli's UMl 0-1 2-7 1 0. 02
Carabelli's UM2 0-1 2-7 1 0.28
Hypoconulid LM1 0-4 5 1 0. 00
Hypoconulid LM2 0-3.5 4-5 1 1.47
Entoconulid LM1 0 1-5 1 1. 94
Entoconulid LM2 0 1-5 1 0.42
Metaconulid LM1 0 1-5 1 0.10
Protostylid LM1 0 1-7 1 0.17
Protostylid LM2 0 1-7 1 0. 00
Deflec. wri. LM1 0 1-3 1 0.03
Note: None of the traits show significant differences
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dimorphism for the canine and first molars.She concludes 
"Differences in diameters of teeth other than canines and 
first molars would then reflect interpopulation differences, 
whereas differences primarily present in the canine and 
first molar should be suspected as reflecting differences in 
male/female sex ratios" (1977:173,178). On the other hand, 
Lundstrom (1977), basing his observations on previous 
research by various authors, suggests the canine and second 
molar are more sexually dimorphic. Goose (1977) also found 
canines in Chinese from Liverpool to be noticeably larger in 
males than in females although no significant differences 
could be found pertaining to tooth morphology.
Nonmetric traits have also, on occasion, been shown to 
display sex dimorphism among some populations. For example, 
Scott (1973) found a higher incidence and more pronounced 
expression of the distal accessory ridge on the upper and 
lower canines among Native American and Caucasian males. 
Goose and Lee (1971) found a significant difference in 
Carabelli's trait among Caucasians in Liverpool but, they 
note no differences have been found in other studies using 
Carabelli's. Finally, Melanesian females display higher 
frequencies than males of the metaconule on all the upper 
molars (Harris and Bailit,1980). When compared to metric 
analysis of the teeth nonmetric dental traits usually 
reflect insignificant degrees of sex dimorphism confirming 
the consensus that tooth morphology is less influenced by 
gender (Smith,1977). However, because the potential does
48
exist for some traits to display sex dimorphism the chi- 
square should be used before pooling the data for population 
comparisons.
Intraobserver error
Only three of the forty-three tests performed produced 
results which were significant at the 0.05 probability 
level; the tuberculum dentale on the upper canine, the 
hypocone on the first upper molar, and Carabelli's on the 
first upper molar. Table 6 presents the results of the t- 
tests followed by Table 7 showing discrepancies which 
resulted in scoring differences of one grade, two or more 
grades, and presence versus absence. This is important as 
traits exhibiting scoring differences of two or more grades 
may be due to "...imprecise observational technique, 
recording error, or difficulties with the standard itself" 
(Nichol and Turner,1986:300). A brief discussion of the
results for each trait follows.
Shoveling
The dependent t-tests for shoveling on the upper 
central and lateral incisors as well as the upper canines
produced no significant results. Scores for the upper
central incisors and the upper canines did not vary by 
morethan one grade on the second test. However, two of the 
twenty-three scores for the upper lateral incisors changed
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by two grades on the second test. There was only a slight 
tendency for the scores to go down on the second test for 
the central incisor and canine.
Tuberculum dentale
Significant results for intraobserver error occured 
only for the upper canine. For this particular tooth nine of 
the twenty-four scores obtained varied by one grade while 
two scores changed by two grades. The results may not be 
surprising given the difficulty in detecting and scoring 
this trait on the lateral incisors and canine, especially 
with the presence of shoveling (Carbonell,1963;
Hrdlicka,1920; Lasker,1950; and Turner,1991). Problems 
associated with the standard plague for this trait have also 
been suggested as an explanation for intra- and 
interobserver error (Nichol and Turner, 1986). Scott (1973), 
on the other hand, did not seem to have a problem with 
scoring tuberculum dentale. This may be because he used 
number of ridges located on the lingual surface rather than 
ridge strength as a criteria for scoring.
Although the lateral incisors are also considered to be 
prone to observational error no significant results were 
obtained in this case. Only four of the twenty-four scores 
changed grades on the second test. Two went up and two down 
thus cancelling each other out and producing a t-value of 
zero.
b 6
Canine distal accessory ridge 
No significant results were obtained from the t-test for 
the upper or lower canines. On the upper canines there was a 
slight tendency to score higher on the second test. As for 
the lower canines only one score (n=7) changed on the second 
test and this was by only one grade.
Metacone and hypocone 
No significant results were obtained for the metacone 
on any of the upper molars. For the hypocone results of the 
t-test on the upper first molar, unfortunately, are not 
easily explained. Nichol and Turner (1986) tested for intra- 
and interobserver concordance on forty-five (18 traits) 
morphological variants and concluded the hypocone is more 
easily scored and least likely to produce much within or 
between observer error.
None of the twenty-eight scores obtained for this test 
varied by two or more grades. An obvious directional bias is 
evident as 39.3% (11/28) of the scores went up by one grade 
on the upper first molar. It is possible that for this 
observer there was difficulty in distinguishing between the 
"large" and "very large" classifications for the upper first 
molar only. But this does not explain why observations for 
the same trait did not produce significant results for the 
second and third maxillary molars. Another explanation may 
be that individuals with differences of one grade between 
the scores for the first and second tests may exhibit
5 7
intermediate expressions between two grades (Nichol and 
Turner,1986).
Carabelli's complex
Results of the t-test for this trait produced 
significant results for the first molar only. Unfortunately, 
this is the tooth most often used for population 
comparisons. Nichol and Turner (1986) also found intra­
observer error for Carabelli's was likely to occur on the 
first molar, especially if a longer period of time was 
allowed to elapse before the second scoring session.
However, they suggest the trait may still be useful for 
camparative studies as no significant results were obtained 
from their t-tests for inter-observer concordance.
Fluctuations in scoring by two or more grades was also 
common for this trait on all of the upper molars. On the 
upper first molar one individual's score (n=28) changed by 
four grades, from a small cusp on the first observation to a 
furrow on the second. Comparing the scores from the first 
and second sessions it appears that for this observer there 
is difficulty in distinguishing between the small, medium, 
and large cusps.
Groove pattern, cusp number, 
and deflecting wrinkle
Intra-observer error was tested for the deflecting 
wrinkle only. Although Turner and Hanihara (1977) found a
significant difference in inter-observer error for this 
trait they concluded lack of a standardized scale was 
responsible. Occlusal wear is also considered to be a factor 
in intra- and inter-observer error (Nichol and Turner,1986). 
Four of the fifteen scores varied by two grades and one 
changed by one grade. If a presence and absence dichotomy of 
0/1-3 is set up then all five scores were graded as absent 
on the first test and present on the second. It is possible 
that the changes in scores from absence to presence may 
represent the observers ability to better recognize the 
trait by the second round of scoring. If this is the case it 
may also explain the low frequency recorded for this trait 
among the Chamorro. Only one individual (1/34) showed a 
small deflection on the lower second molar and all others 
for the lower second as well as the third molar were scored 
as absent.
Although the usefulness of the Dryopithecus pattern as 
a diagnostic tool for population studies is not denied, 
questions are raised concerning the applicability of the 
groove configuration. For example, Harris (1981:92) found 
the + pattern "...promotes a needless source of inter­
observer difference." He attributes much of the error to 
casual observations, scoring worn teeth, and poor cast 
quality. Biggerstaff (1968) also believes observer error is 
high using Heilman's system and developed his own 
classification using cusp number in association with the 
distal fovea and distal marginal ridge rather than groove
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pattern. Finally, the deflecting wrinkle is also said to 
confound ones ability to accurately detect the Y pattern.
Cusps 6 and 7
Cusp 6 is said to be easy to score with little intra- 
or inter-observer error (Harris,1981; Nichol and Turner, 
1986; Scott,1973). Results of the t-test show no significant 
difference in scoring for any of the lower molars. Only one 
individual's score changed by two grades (n=27) on the lower 
first molar and another by two grades (n=19) on the third 
molar.
Cusp 7 produced no significant results and also showed 
little discrepency in scoring. This may likely be due to the 
very low frequency of occurence 8.0% (4/50) of this trait 
among the Chamorro.
Protostylid
None of the t-tests for the protostylid produced 
significant results. Only one individuals's score (n=24) 
changed by two grades on the lower first molar. On the lower 
third molar one score changed by three grades and another by 
two grades(n=19). Nichol and Turner (1986) rated the 
protostylid as having intermediate scorability and note 
difficulties in scoring at the presence/absence level as 
well as casting flaws as possible sources of error in 
grading. As Table 7 indicates 12.5% (3/24) and 14.8% (4/27) 
for the lower first and second molars respectively had
6 0
scores change from presence to absence. This is likely due 
to the difficulty in detecting the pit. Another source of 
difficulty for this observer centered around the 
intermediate grades which indicates problems associated with 
assigning scores for the subtle differences displayed in the 
secondary groove strengths between grades three and five.
Chamorro dental patterns
The Chamorro dental sample in this study can be 
characterized as being Sundadont. A summary of the results 
is presented in Table 8 and is followed by Table 9 which 
presents the frequencies for each grade in a given trait. 
Each trait will be discussed in detail, but by way of 
introduction it is noted here that they fit Turner's (1990a) 
description of Sundadonts with a few exceptions. The teeth 
are described as having low frequencies of shoveling, double 
shoveling, cusp 6 and 7, and the deflecting wrinkle. A high 
frequency of the +4 pattern was found on the lower second 
molar and a high frequency of the hypocone on the upper 
second molar. Unusual results in the Chamorro dentition 
which do not fit the Sundadont pattern are high frequencies 
of Carabelli's on the upper first molar and a high frequency 
of the protostylid on the lower first molar.
All of the adult mandibles and maxilla required the 
extra large dental tray and several male specimen were too 
large to fit the extra large tray. This is a testament to 
the general robustness of these people. The overall
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TABLE 8. Summary of dental trait frequencies among the Chamorro
Trait Tooth Scores
%
Present N
Shoveling UI1 3-6 12. 90 4/31
Double shoveling UI1 2-6 3.13 1/32
Tuberculum dentale UI2 1-6 25. 00 7/28
Canine d.a.r UC 2-5 4 6. 67 7/15
Metacone UM3 2-5 92.86 13/14
Hypocone UM2 2-5 82.86 29/35
Metaconule UMl 1-5 20.51 8/39
Carabelli's UMl 2-7 60.53 23/38
Parastyle UM3 1-5 0.00 0/15
Premolar lingual cusp no. LP2 >1 25.71 9/35
Molar groove pattern LM2 Y 4.76 2/42
Molar cusp number LM2 >4 50. 00 23/46
Cusp 6 LM1 1-5 14 .00 7/50
Cusp 7 LM1 1-5 8.00 4/50
Protostylid LM1 1-7 41. 67 20/48
Deflecting wrinkle LM1 3 2. 94 1/34
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appearance and health of the teeth was quite good. Only five 
of the sixty-three individuals examined had caries. The low 
frequency is usually attributed to the habit of betel nut 
chewing. Twenty-four of the sixty-three individuals (this 
includes two 12 year olds) exhibited staining of the teeth 
from betel chewing. Two individuals were also noted as 
having incised hatch designs on their upper incisors.
Shoveling and double shoveling 
When males and females are combined only 12.9% (4/31) 
of the sample exhibited shoveling for the upper central 
incisors. None of the individuals scored above the semi­
shovel grade. Shoveling occurred more often and was more 
pronounced in the upper lateral incisors with a frequency of 
23.3% (7/30). Two individuals, both female, showed marked 
shoveling on this tooth.
Hrdlicka (1920) described shoveling for a number of 
populations and noted that it occurs least in Caucasians 
(only 5% if semi-shovel is included) and a bit more in 
African Americans. The greatest degree occurs in living 
Eskimo, Native Americans, Chinese, and Japanese with less 
than 5% on average showing no shoveling.
Though shoveling on the upper central incisors of the 
Chamorro falls well short of the Sinodont pattern, it is 
within the lower range of the Sundadonts (Fig. 6). It is 
interesting that higher frequencies were reported by both 
Hanihara (1992) and Turner (1990b) who found 71.1% (42/59)
and 28.6% (18/63), respectively, in the Guam samples they 
analysed. Their results place the Chamorro close to the 
Polynesian shoveling frequency discussed by Hrdlicka (1920). 
Results of the Chamorro population in this study fall closer 
to the East Malay Archipelago 8.3% (1/12) and Melanesian 
6.5% (3/46) samples. At this time it is not possible to 
explain the differences between Turner's (1990b)results and 
the present study as he feels the minor amounts of non- 
Micronesian admixture does not bias his sample. However, the 
discrepancy between Hanihara's high frequency for Guam 
dentition and those recorded here may be due to the fact 
that he uses calipers to measure the depth of the lingual 
fossa rather than the ASU plaques.
Double shoveling was rare for the Chamorro on the upper 
central and lateral incisors as well as the canines. Only 
15.6% (5/32) showed faint or trace shoveling on the upper 
central incisors. While one individual (n=29) displayed the 
semi-double shovel grade on the upper lateral incisor no 
other teeth were recorded as having expressions higher than 
this grade.
For the upper central incisors the Chamorro compare 
favorably with other Sundadonts such as the Ainu, Jomon, and 
Turner's Guam sample (Fig. 7). Sinodonts, such as the North 
Chinese, display much more double shoveling than do the 
Sundadonts while the Philippine sample appears to be 
intermediate.
7 0
90.0
80.0
70.0 
60. 0 
50. 0
40.0 
30. 0
20.0 
10.0
0.0
Shoveling UI1
i i
i
Gu 1 Gu 2 Tai Ainu Mela P.Tai Phil. E.Mal Jomon N.Chi Cauc
Figure 6. Percent of shoveling present on the upper 
central incisor of various populations.
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Figure 7. Percent of double shoveling present on the 
upper central incisor of various populations.
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Tuberculum dentale
Twenty-five percent (7/28) of the Chamorro upper 
lateral incisors displayed ridging. Five of the twenty-eight 
individuals had only faint or trace ridging on the lateral 
incisors while two (one each) exhibited strong or pronounced 
ridging. No cuspules were recorded for the lateral incisors. 
The central incisors and canines, on the other hand, 
displayed more variation which included the weak and strong 
cusps. The canine exhibits the most pronounced expressions 
with 24.1% (7/29) of the teeth showing pronounced ridging. 
Caution must be used in interpreting the canine as this 
tooth also produced significant scores in the t-test.
In general the trait is said to occur in low 
frequencies in all populations. Carbonell (1963) reported 
higher frequencies, between 20% and 30%, among the East 
Greenland Eskimo (n=76), Arabs (n=28), and the Kish 
(Mesopotamia, 3000 B.C.; n=26) dentitions. Although Scott 
(1973) uses ridge number as well as ridge strength he found 
tubercles on the lateral incisors to occur in relatively 
high frequencies among Native Americans.
The frequency of tuberculum dentale among this sample 
compares favorably with other Guam samples. However, it 
should be noted that although this trait is believed to be a 
part of the overall Sinodont pattern, when compared to other 
Asian groups there seems to be little difference in the 
frequency distribution (see Turner,1987:Table 4). Thus, the
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concern of tuberculum dentale's usefulness is echoed here, 
at least for closely related populations such as North and 
Southeast Asians.
Canine distal accessory ridge 
Results for the upper canine indicate that more 
pronounced ridging does occur on this tooth when compared to 
the lower canine. Fifty-three percent (8/15) of the Chamorro 
had no ridges on the upper canines while approximately 47% 
(7/15) show weak to pronounced development. On the lower 
canines 84% (21/25) had no ridging and 16% (4/25) fell 
within the faint to moderately developed range. None of the 
lower canines showed strong or pronounced ridging.
Scott (1973) found Caucasians and Southwest Indians to 
have a similar range of frequencies, 85% to 95%, on the 
upper canine. While the frequency of weak to strong ridging 
in the Chamorro is not as high as those reported by Scott, 
they fall within the range of other Asian populations such 
as the Ainu 54.5% (24/44) (Turner and Hanihara,1977),and the 
Melanesians 43.7 (14/32) (Turner and Swindler,1978).
Metacone and hypocone 
The metacone was present in 100% of both the upper 
first (n=37) and upper second (n=34) molars. Only one 
individual out of the fourteen examined showed complete 
absence of the metacone on the third molar. Because the 
metacone is common in the Chamorro its presence is discussed
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in terms of size rather than mere presence and absence. 
Reduced metacones, scores below grade four, were non­
existent on the first molars of the Chamorro. The upper 
second and third molars were only slightly more variable. 
Although reduction is evident in these teeth, the majority 
of individuals still scored in the large (72% (n=24/34) on 
the second molar) or the intermediate (50% (n=7/14) on the 
third molar) cusp category.
The hypocone, like the metacone, showed no reduction 
below grade four on the upper first molar. In fact a nearly 
fifty-fifty split (n=38) occured between the large and very 
large grades. The second and third molars, as expected, show 
more variability. Only 3% (1/35) of the cusps were scored as 
very large on the upper second molars and none (n=14) of the 
third molars exhibited a grade five.
When dichotomized into presence and absence 82.86% 
(29/35) of the Chamorro show presence of the hypocone on the 
upper second molar. Similar results were found by Turner 
(1990b) in his Guam study and also by Hanihara (1992) in his 
Chamorro sample from the Bishop Museum. Frequencies for 
other Asian populations, Sundadonts and Sinodonts alike, all 
appear to be rather high (Fig.8). This is expected as 
reduced forms of the hypocone tend to occur more often among 
Caucasians and South African Negros than among the Asian 
derived populations (Dahlberg, 1963; Jacobson, 1982; and 
Scott,1973).
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Figure 8. Percent of hypocone present for the upper second 
molar of various populations.
Metaconule
While approximately 80% (31/39) of the Chamorro did not 
have the fifth cusp, 20.5% (8/39) exhibit the faint to small 
cuspule. No small or medium-sized cusps were recorded.
Though more individuals are recorded as absent on the second 
molar, the few that are present show more pronounced 
expression. Harris and Bailit (1980) note the metaconule is 
more frequent on the first molar but increases in size on 
the second molar. Though this appears to be the case for the 
Chamorro, the sample size for this study is rather small and 
cannot confirm their conclusions.
In general metaconule occurs on the upper first molar 
in higher frequencies among Asians and Native Americans and 
in relatively low frequiencies, 5% to 10%, in Caucasians
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(Scott,1973; Turner,1991). The present results are close to 
Turner's (1990b) Guam sample and falls within the range of 
other Asian populations.
Carabelli's Complex 
Classification of Carabelli's complex is often described as 
difficult due to the variability of the trait 
(Dahlberg,1963; Kirveskari,1974; Kraus,; and Scott,1973). 
Thirty-eight of the Chamorro individuals were scored for 
Carabelli's on the upper first molar (Fig. 9). Just slightly 
over one-third (13/38) show no expression at all and only 
7.9% (3/38) displayed the pronounced tubercle. If the trait 
is dichotimized into presence and absence with grades 0-1 
representing absence and 2-7 as presence then Carabelli's 
occurs on 60.5% (23/38) of the Chamorro teeth. This 
dichotomy produces results for the Chamorro which are good 
deal higher than those reported for other Asian populations 
(see Manabe,et al.,1992; Hanihara,1992; Turner,1987; Turner 
and Hanihara,1977; Turner and Swindler,1978). Based on this 
presence and absence scale the Chamorro dentition is in fact 
more similar to those reported for Caucasians by Scott 
(1973) and Dahlberg (1963).
Kraus (1959:118-119) notes that Mongoloid groups tend 
to have higher frequencies of the intermediate expression, 
lower frequencies of absence and the lowest frequencies of 
the pronounced tubercle. He concludes that only the 
pronounced tubercle should be used to "distinguish between
Mongoloid and Caucasoid populations." If lines or furrows 
are included in the intermediate expressions, then in the 
Chamorro dentition only 7.9% (3/38) of the first molars 
expressed the large cusp, while 57.9% (22/28) fell within 
the 1 through 6 grades. This same pattern can be seen in the 
Ami of Taiwan (Manabe, et.al.,1992) but not in the Ainu or 
New Britain Melanesians (Turner and Hanihara,1977; and 
Turner and Swindler,1978 respectively). Thus, following the 
criteria set forth by Kraus the Chamorro fall within 
Mongoloid groups. Following Turner (1987) only the East 
Malay Archipelago, with 50.0% (14/28), compare with the 
Chamorro.
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Figure 9. Percent of Carabelli's complex present on the 
upper first molar in various populations.
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Premolar lingual cusp number 
The majority of Chamorro in this study were scored as 
having only one lingual cusp on the lower first and second 
premolars. Approximately 58% (19/33) have one lingual cusp 
on the first premolar while 63% have one cusp on the second 
premolar. None of the individuals were scored as grade A or 
complete absence of the lingual cusp. Only one (n=35) 
exhibited three cusps on the second premolar. At least 21% 
(7/33) and 11% (4/35) of the first and second molars, 
respectively, could not be assigned to either the one or two 
cusped category.
Few dental studies include cusp number of the premolars 
and as a result little is available in the literature to 
compare to the Chamorro. The Ainu (Turner and Hanihara,1977) 
have higher frequencies, 79% (54/68), of one cusp on the 
first premolar. Ainu second premolars have 25% (16/65) one 
cusp and 67% (44/65) two cusps. The Ami of Taiwan also have 
higher frequencies of one lingual cusp on the first 
premolar, 60% (89/148), with the second premolar being more 
exhibiting two lingual cusps 82% (118/144) of the time.
Both the Ainu and the Ami displayed more variablility 
on the second premolar. The Chamorro, on the other hand, 
less variability on the second premolar which appears to be 
very similar to the first. Turner's (1990) Guam study does 
not include premolar lingual cusp number and as a result it 
is difficult to say whether the results here are typical of 
other Chamorro dentition.
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Groove pattern, cusp number, 
and the deflecting wrinkle
Approximately 93% (28/30) of the Chamorro exhibited the Y 
pattern on the lower first molar. The lower second and third 
molars were more variable but the majority of these teeth 
have the + pattern. The Y pattern occured on only 5% (2/40) 
and 10% (2/20) of the second and third molars, respectively. 
The frequency of the Y groove pattern on the lower second 
molar for the Chamorro is rather low compared with most of 
the East Asain populations (see Turner,1987). However, 
several Asian populations do have low frequencies like the 
Chamorro (Fig. 10) and range of 5% to 20% generally 
describes Europeans and Asian or Asian-derived groups 
(Scott,1973:200).
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Figure 10. Percent of Y-groove pattern present on the lower 
second molar in various populations.
As for cusp number all fifty of the individuals scored for 
the first molar have five or more cusps. Forty-three (86%) 
have cusps one through five while 7 individuals (14%) 
exhibit some form of cusp 6. Cusp number was also more 
variable on the second and third molars with more 
individuals having four cusped molars than five cusped 
molars. Figure 11 shows a comparison of the Chamorro cusp 
number on the lower second molar with other populations.
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Figure 11. Percent of four cusped molars on the lower 
second molar of various populations.
The deflecting wrinkle was scored with caution in this 
analysis as the observer was unfamiliar in recognizing its 
presence, especially on worn teeth. As a result the 
frequency of occurrence may be under-reported. On the lower 
first molar 79% percent (27/34) of the Chamorro show no
Molar cusp number LM2
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presence of the trait and only 3% (1/34) were recorded as 
having the L-shaped deflection (grade 4), or full expression 
(Fig. 12). For this same tooth six individuals with a 
deflecting wrinkle grade of 2 or above also have the Y 
groove pattern. One molar with a grade 1 was recorded as 
indeterminate for groove configuration. The deflecting 
wrinkle occured on only 1 (n=34) of the lower second molars 
and none of the third molars (n=27) exhibited the trait.
From this small sample it is difficult to tell if there is a 
relationship between the size of the deflecting wrinkle and 
the groove pattern.
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Figure 12. Percent of deflecting wrinkle present on the 
lower first molar of various populations.
When only the L-shaped deflection is considered the 
Chamorro compare more favorably with frequencies of 
Caucasians (Hanihara,1976; Scott,1970). However, several
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East Asian populations reported by Turner (1987) also have 
low frequencies of the deflecting wrinkle. For example, East 
Malay 0% (n=17) and the Jomon 4.9% (8/162).
Cusps 6 and 7
Hanihara includes both cusp 6 and cusp 7 in his 
"Mongoloid dental complex" as higher frequencies are usually 
reported for this group compared to Caucasians and African 
Americans. It is interesting to note that in the present 
study the Chamorro frequency for cusp 6 is below that of 
other Asian groups (Fig. 13), including the Guam dentition 
reported by Turner (1990b) and Hanihara (1992). Cusp 6 is is 
present in only 14% (7/50) and 13% (6/46) for the first and 
second molars respectively. Pooling of males and females may 
be one possible explanation for the low frequencies recorded 
here.
Although no sex dimorphism was found for cusp 6, males 
tend to express the trait more often on the first and second 
molars than do females. Axelsson and Kirveskari (1979) found 
a slight significant difference of cusp 6 on the lower first 
molar of male and female Icelanders with females having a 
higher percentage. On the other hand, Kirveskari's (1974) 
study of Skolts and Skolt hybrids found males exhibit the 
trait more often than females. In the Chamorro females the 
sixth cusp occured on only 4.3% (1/23)of the first molars 
and 9.1% (2/22) on the second compared to males who have 
22.2% (6/26) on the first molar and 20.8% (5/24) on the
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second molar. The male figures, while not high, are closer 
to results for other Asian populations such as the New 
Britain males 29.3% (12/41) studied by Turner and Swindler
(1978) and the Ainu 24.2% (15/62) by Turner and Hanihara 
(1977).
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Figure 13. Percent of cusp 6 present on the lower first 
molar of various populations.
Only four individuals (n=40) exhibited the 7th cusp on 
the lower first molar and one (n=46) on the lower second 
molar. All of these were recorded as grade 1A or above. Cusp 
7 not only occurs in low freguencies among the Chamorro in 
this study but also in other Asian populations as well (Fig. 
14). In fact, it is interesting to note that the Caucasians 
(Scott,1973) have a higher frequency of cusp 7 when 
dichotomized with grades 1 through 4 as presence. From the
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examples used in this study it appears that cusp 7 may not 
be a reliable indicator for within group distinctions. 
However, given that the Caucasian sample stands out perhaps 
it is a more useful tool for interpopulation studies.
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Figure 14. Percent of cusp 7 present on the lower first 
molar of various populations.
Protostylid
The protostylid is believed to occur more often on the 
deciduous second molar "and decreasingly from this tooth 
through the sequence of first, second, and third molars" 
(Dahlberg,1963:162). This does not seem to be the case for 
the Chamorro. The trait does occur more often, 41.7% 
(20/48), on the first molars but it occurs least on the 
second molar, 23.9% (11/46), and is intermediate on the 
third, 36.7% (11/30). The greatest amount of expression is
seen on the third molars with approximately 13.3% (4/30) 
having either the small cusp or the large cusp with a free 
apex. In contrast only 2% (1/48) of the first molars and 0% 
(n=46) of the second demonstrated full expression of the 
trait. Kirveskari's (1974) results for Skolts also reveal 
the trait is expressed least on the second molar while the 
third molar exhibited a higher percentage of the grades four 
through eight. And finally, Turner's (1991) study of Aleut, 
Eskimo, and Indian dentition found that some form of 
expression was more likely to occur on the second molar, 
less on the first, and least on the third. Thus, it appears 
that the general rule concerning the frequency of the 
trait's expression from the first molar to the third molar 
cannot be applied to all populations.
Turner (1985) suggests the protostylid should occur 
more frequently in Sinodonts as part of the overall trait 
intensification. Dividing the protostylid into a presence 
and absence dichotomy of 0/1-7 leads one to believe the 
Chamorro align more closely with the Sinodonts than 
Sundadonts (Fig. 15). Frequencies of approximately 30% to 
55% have been reported for the Pima (Dahlberg,1950) and 
other Southwest Indians (Scott,1970). Slightly lower 
frequencies are found in New Britain males (Turner and 
Swindler,1978) the Ainu (Turner and Hanihara,1977) and the 
Ami (Manabe,et.al.,1992). Only 28% (27/96) of the Chamorro 
in Turner's study expressed the trait. Unfortunately, it can 
not be determined at this time why the Chamorro scored so
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high for the protostylid in this study compared to the 
Sundadonts in other studies. One explanation could involve 
the expression of the pit. Casting flaws or difficulty in 
recognizing the pit may have led to higher frequencies being 
recorded for this grade. If the pit is excluded and only 
grades 3 through 7 are considered then a frequency of 25% 
(12/48) is recorded and the Chamorro fall more in line with 
other Asian populations.
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Figure 15. Percent of protostylid present on the lower 
first molar of various populations.
Summary
The information in this chapter is primarily of a 
descriptive nature. Only a handful of studies have been done 
concerning Micronesian dental morphology and most research 
relies on the same large skeletal collection housed at the
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Bernice P. Bishop Museum in Hawaii. This research provides 
the opportunity to observe an additional sample and compare 
it with other populations including Chamorro samples.
Several observations concerning the Chamorro dental patterns 
can be made at this point.
1) Although no sex dimorphism was found using 
statistical analysis, male and female Chamorro differ in 
several respects. In general, males tend to show presence 
and greater expression of traits associated with the lower 
molars. For example, the hypoconulid on the lower second and 
third molars, cusp 6 on the lower first and second molars, 
and the protostylid on the lower third molar show 
frequencies two to three times more than the females. 
Likewise, males exhibited the tuberculum dentale on the 
upper lateral incisor and the distal accessory ridge on the 
upper canine more often than females.
2) A comparison of the Chamorro dentition in this study 
with the findings of Turner's (1990b) Guamanian teeth 
produces mixed results. Of the ten traits examined five 
produced results similar to Turner's (Fig. 16). These are: 
Shoveling, double shoveling, hypocone, Y-groove pattern, and 
cusp 7. Five others did not compare well: Carabelli's, molar 
cusp number, cusp 6, deflecting wrinkle, and protostylid. In 
other words, for the traits selected, the Chamorro teeth in 
this studied were consistent with Turner's sample only 50% 
of the time. Observer error could likely explain these 
results, especially regarding the pit expression of the
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protostylid and the intermediate grooves associated with 
Carabelli's.
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Figure 16. A comparison of Guam 1 (this study) and Guam 2 
from Turner (1990).
The deflecting wrinkle was scored with caution and it was 
noted that higher frequencies for this trait were reported 
for the second t-test. It is possible that several of the 
traits which have lower frequencies than those in Turner's 
sample were under-reported due to inexperience of this 
observer.
In general, the overall morphology of the Chamorro 
teeth suggest they do indeed fit within the Sundadont dental 
pattern and Mongoloid dental complex proposed by Turner and 
Hanihara, respectively. Lower frequencies of shoveling, 
double shoveling, and a general reduction in molar cusp 
number are just a few features distinguishing the Chamorro
8 8
dental pattern from Sinodonts who display trait 
intensification.
3) Finally, when the frequencies of the ten dental 
traits are used to compare the Guam teeth with those of 
other populations the Chamorro align more closely with the 
East Malay Archipelago and Ainu than with the Philippine or 
Taiwan samples. A word of caution is added here as these are 
just frequency comparisons. No analyses such as ANOVA, Q- 
mode, or mean measure of divergence (MMD) were performed due 
to the lack of raw data. However, the simple frequency 
comparisons still fit well with results obtained by Turner 
(1990) and seems to support his conclusions that the 
Micronesians originated somewhere in the Malay Archipelago, 
for example, Celebes, Moluccas and Borneo.
CHAPTER 4
DISCUSSION
The variation that exists among the Oceanic populations 
and the wealth of literature available prohibits any 
detailed discussion for the whole of this area. The 
Micronesian islands spread in an east-west direction across 
the Pacific and fall within close proximity to Melanesia, 
Polynesia, and the Indo-Malay Islands. Assuming expansion 
and possibly trading or some form of interaction, which may 
or may not have included genetic exchange, have taken place 
among the island groups from at least the late Pleistocene 
it is easy to understand the complexities that exist when 
one attempts to sort out the data. Efforts are made today to 
solve the puzzle of migration and biological affinity by 
attempting to correlate the evidence from archaeology, 
linguistics, physical anthropology, and genetics. However, 
perfect correlation among these fields do not always occur 
as culture and/or language may be shared with little or no 
genetic exchange (Bellwood,1989; Cavalli-Sforza,1991). Given 
this caution the following discussion presents only a brief 
overview of the literature concerning migration or expansion 
in Southeast Asia and how it relates specifically to Guam. . 
Evidence for the peopling of Guam from linguistics will
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first be discussed followed by archaeology, especially 
ceramics, and physical anthropology. Finally, these theories 
will be considered in relation to the results from this 
study.
A number of linguists and archaeologists believe the 
Philippines to be the most likely homeland of the Chamorro. 
However, using statistical methods to compare the dentition 
of Guam with those of other Micronesians, Southeast Asians, 
and Australo-Melanesians Turner (1990b) rejects an origin in 
the Philippines or Taiwan. He notes (ibid:410), "Direct 
migration from the Philippines is unlikely as the source of 
Micronesian dental characteristics, despite the island- 
hopping possibility towards the southern end of the 
Philippine Sea. The relatively great Guam/Philippine 
divergence (0.101) may indicate that the Guam skeletal 
remains were not those of Chamorro-speaking individuals." 
Turner concludes the Marianas were settled via the Celebes 
and Moluccas to Borneo. If Turner is correct then the 
linguistic evidence would support his finding.
The languages of Micronesia, and most of Southeast 
Asia, are of the Austronesian family. Within this family the 
Micronesian islands belong to two sub-groups — the Marianas 
in the Western Malayo-Polynesian sub-group and the rest of 
Micronesia in the Eastern Malayo-Polynesian or Oceanic sub­
group. Thus, Chamorro (the name given to the people as well 
as their language) belongs to the Western Malayo-Polynesian 
branch of Austronesian which also includes the languages of
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Palau, the Philippines, Indonesia, Madagascar, Malaya, and 
South Vietnam (Bellwood,197 9, 1985). Overall there is 
general agreement that Chamorro is most closely related to 
the languages of Indonesia and the Philippines 
(Bellwood,1979,1985,1989; Oliver,1989; Solheim,1984-85; 
Thompson,1969; and Tryon,1985). Most of the debates are not 
concerned with which subgroup Chamorro belongs to but rather 
where Austronesian in general originated.
Two hypotheses concerning the origin of Austronesian 
are pertinent to this study. Bellwood (1979,1985) suggests 
the most likely homeland for Pre-Austronesian is South 
China. Based on evidence from ceramics he places Proto- or 
Initial Austronesian in Taiwan approximately 4000 B.C. From 
Taiwan some of the Proto-Austronesian speakers moved south 
around 3000 B.C. to the Philippines producing a split, 
presumably due to isolation, which led to the Malayo- 
Polynesian language subgroup. By 2500 B.C. the Malayo- 
Polynesian speakers split with some moving south and west 
into the Celebes and Borneo, forming the Western Malayo- 
Polynesian subgroup, and others migrating to the Moluccas 
and lesser Sundas eventually forming the Oceanic subgroup 
(Bellwood,1985; Pawley and Green,1985; Tryon,1985).
If the Western and Central-Eastern Malayo-Polynesian 
languages developed as "...a result of slow expansion 
through the southern Philippines towards Borneo, Sulawesi 
and the Moluccas (Bellwood, 1985:120) and if the language of 
the Marianas is considered to be Western Malayo-Polynesian,
then there appears to be linguistic support for Turner's 
hypothesis for the origin of Guamanians. For the Mariana 
Islands, Bellwood (197 9:282-285) feels the linguistic 
evidence suggests they were settled directly from Indonesia 
or the Philippines. However, he proceeds to support the 
linguistic evidence with archaeology and notes that the 
shell and stone adzes found in a rock-shelter on Saipan are 
similar to those found in the Philippines as is the red 
slipped pottery known as Marianas Red. It appears from the 
weight of the evidence that the Marianas were populated from 
the central Philippines around 2000 B.C.
A second possible origin for the Austronesian speakers 
has been put forth by Solheim (1984-85) and is referred to 
as the Nusantao hypothesis. In brief, Solheim believes Pre- 
Austronesian developed from Austric languages in eastern 
Indonesia and the southern Philippines. These maritime 
oriented Pre-Austronesians moved north to Luzon, southern 
Taiwan, and South China where, sometime around 5000 to 4500 
B.C., Proto-Austronesian developed as a barter language and 
filtered south again through the Philippines. Though Solheim 
has the Austronesian languages originating the 
eastern Indonesia and southern Philippines rather than 
Taiwan as does Bellwood both agree to the major role the 
Philippines play in populating the Mariana Islands. Solheim 
(1990:241) concludes the "primary settlers of Micronesia - 
not necessarily the first people to the islands - were 
Nusantao from the Philippines and Eastern Indonesia who were
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at home both on the land and on the sea." Although these two 
discussions suggest different places of origin for Pre- 
Austronesian, the general consensus of both is that the 
Marianas were settled by Malayo-Polynesians from the 
Philippines.
Turning now to the archaeological record research for 
the whole of Micronesia is scant and often the data is used 
in conjunction with linguistics to support various claims 
for the spread of the Austronesian language. The Marianas of 
western Micronesia pose a unique problem in that they are 
environmentally, linguistically, and archaeology dissimilar 
to the rest of Micronesia. For example, Latte structures, 
pottery, and rice cultivation are found only in the Mariana 
Islands. The latte are capped stone pillars which were 
placed in parallel rows and used to support houses and canoe 
sheds. They range in size from small, medium, and large 
based on the height and number of paired pillars 
(Thompson,1940). Latte are thought to be indigenous to the 
Marianas but loose similarities between the latte and wooden 
pile houses found on other islands have been suggested 
(Bellwood,1979). Thompson (1940) sees similarities between 
the latte and houses in the Philippines which are 
rectangular, gabled and built on raised wooden piles. Like 
the latte these houses also increase in length though not in 
width.
Craib (1983:922) notes that excavations of sites by 
Reinman on Guam and Saipan produced some of the earliest
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dates for occupation in the Marianas —  approximately 1500 
B.C.. The chronology for the Marianas is based on the latte 
structures found on the islands. Dates from an early Pre- 
Latte range from 1800 B.C. - 500 B.C. This is followed by an 
Intermediate (500 B.C. - A.D. 1), Transitional (A.D. 1 -
A.D.1000). Latte (A.D. 1000 - A.D. 1521), and finally the 
historic period (A.D. 1521 - A.D. 1700) (Heathcote, 
et.al.,1995). The Pre-Latte and Latte periods are 
distinguished by their ceramic assemblage as well. The 
Marianas Redware is associated with the Pre-Latte sites 
while the plainware is represented in the Latte period 
(Spoehr,1957).
Cultivated crops in the Marianas included coconut palm 
(Cocos nucifera), breadfruit (Artocarpus altilis) , taro 
(Colocasia esulenta, Alocasia, Crytosperma) , Pandanus (sp.), 
Betel-nut (Areca catechu) and pepper (Piper betel)
(Bellwood,197 9; Craib,1983; Oliver,1989; Shutler and 
Shutler,1975). Rice (Oryza sativa) is also known to have 
been grown in the Marianas as early accounts of Magellen and 
other Spanish explorers attest (Beardsley,1973).
Archaeological evidence supports the cultivation of 
rice on Guam sometime around A.D. 1376. This date was 
obtained from charcoal samples associated with rice- 
impressed pottery sherds from Turnon, Guam (Hunter- 
Anderson,et.al.,1995). Solheim uses myths and linguistic 
evidence associated with cereal (rice/millet) cultivation 
to support his, and refute Bellwood's (1985), hypothesis
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concerning the origins and spread of Austronesian. He also 
cites Chang's conclusion that rice from northern Luzon is of 
the java stock. Of importance to the Marianas, Hunter- 
Anderson, et.al. (1995:76) find that Austronesian terms for 
rice link the Chamorro with the Filipinos but they caution, 
"More research needs to be conducted to determine whether 
replacement by Filipino terms has occurred within the rice- 
related vocabulary of Chamorro."
The Philippines are implicated again when evidence from 
prehistoric ceramics is considered. The Pre-Latte period is 
characterized mainly by the Marianas Redwares though 
Marianas Plainware was also present. Analyses by Graves 
et.al. (1990) led to the conclusions that temper, surface 
treatment, and rim form for the Pre-Latte period are 
relatively homogeneous throughout the Mariana islands. Most 
are tempered with calcareous sands and surface treatment 
consists of red-slipped or, in most cases, a polished 
surface. Vessel forms include "small jars with everted or 
constricted rims and shallow bowl of various sizes, some 
with carinated shoulders" (ibid:220). Incised, lime-filled 
(tradeware?) sherds are also found in the Pre-Latte period 
(Spoehr, 1957).
Plainware is more dominant in the Latte period but a 
number of surface treatments are present such as burnishing, 
combing, incising and plastering. Around this time the 
ceramics of the Marianas become less homogeneous.
Differences in surface treatment and temper can be
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distinguished between Guam (and possibly Rota) to the south 
and Saipan and Tinian in the north (Graves, et.al.,1990). 
Evidence for the origin of ceramics in the Marianas would 
naturally be based on the early pottery finds of the Pre- 
Latte period.
Similarities of ceramics in Southeast Asia are usually 
based on form and surface treatment, such as the presence or 
absence of slips or incising and dentate stamping. Bellwood,
(1979), in support of his Austronesian linguistic, 
hypothesis, sees resemblance among the pottery of the Yuan- 
Shan Culture (2000 B.C.) in northern Taiwan, Masbate in the 
central Philippines, the Marianas, and Melanesia. The Yuan- 
Shan pottery is described as having a slipped brown or gray 
wash as well as stamped and incised decorations. The Masbate 
pottery (from Batungan Cave approximately 750 B.C.), which 
he says is similar to Yuan-Shan, is mostly plain but a small 
percentage are red-slipped and are decorated with stamped 
circles, incising, and some lime filled.
Unfortunately, Bellwood is vague on one point. He 
writes (1979) of plain ceramics with minor red-slipped 
components dating about 3000 B.C. from sites located on 
north-eastern Luzon, the Sulu Archipelago, and the Talaud 
Islands in north-eastern Indonesia. And he further notes 
(ibid.:209), "Since plain pottery dates back to about 3000
B.C. in southern Sulawesi and Timor, then it is clear that a 
widespread ceramic tradition, somewhat different from the 
corded ceramics of Taiwan and the mainland, had spread
through the Philippines and eastern Indonesia by this date." 
Bellwood does not explain why these red-slipped wares from 
the southern part of Southeast Asia are not considered 
relatives to the Marianas or Melanesia. The Yuan-Shan could 
suggest movement from Taiwan into the Marianas as the date 
of 2000 B.C. is close to the Pre-Latte date of 1800 B.C. 
Although the designs appear similar, he does not mention 
red-slips for the Yuan-Shan and the Marianas Red are red- 
slipped. On the other hand, the Masbate pottery, which does 
have a red slip dates to 750 B.C. and may be too late to be 
ancestral to the Marianas which is found in the Pre-Latte 
phase.
Another site from the Philippines, La-Lo in northern 
Luzon which dates from 2500 B.C. to A.D. 1700, is said to 
have pottery that bears resemblance to the Masbate and Yuan- 
Shan ceramics as well as the Marianas Red and Lapita Wares 
(Theil,1984-85). Oliver (1989) has the corded wares and red- 
slipped wares which covered the area of Timor to the 
Philippines and eastern Indonesia around 7000 to 5500 B.C. 
expanding into Oceania. He also believes the closest 
relatives of the Marianas Red are found in wares from the 
central Philippines, however, he does not say specifically 
which wares these are. Finally, Spoehr (1957:174-175) also 
agrees there are similarities in pottery styles between the 
Philippines and the Marianas. He also notes other cultural 
similarities such as the construction of pits with sharpened
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stakes at the bottom, the cultivation of rice, and 
linguistic affiliations.
The brief linguistic and ceramic evidence presented 
here seems to suggest the Marianas were settled via the 
Philippines. Do studies in physical anthropology support the 
results from linguistic and archaeology? Brace and Hunt 
(1990) used dental and craniofacial measurements from Asia, 
Oceania, Europe, and the Americas (Native American Indian 
samples) to create Euclidean distance dendrograms and 
determine biological affinities among these populations. 
Results of the C-scores produced a dendrogram for the Asian 
populations that contained three clusters —  Mainland Asian, 
Australo-Melanesian, and Jomon-Pacific. The Guamanian sample 
fall within the Jomon-Pacific cluster while the Philippines 
apparently belong to the southern component of the Mainland 
Asian cluster.
Based on the dendrogram they present a model for 
migration of large toothed individuals from Sumatra moving 
into Borneo, the Philippines, Australia and New Guinea in 
the late Pleistocene. A second migration from Japan 
(presumably around 4000 B.C.) would take people back through 
the Philippines and Indonesia and for the first time into 
Micronesia and Polynesia. Thus, Micronesians and Polynesians 
do not migrate through the Philippines, Borneo, or the 
Celebes but instead move directly out of Japan and into the 
Pacific. This model would explain the similarities that 
exist among Polynesians and Micronesians. It also fits well
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with this study as dental trait frequencies of the Jomon, 
and particularly the Ainu, are closer to the Chamorro than 
the Philippines. However, it does not appear to be supported 
by the archaeological or linguistic evidence. Unless, as 
Turner (1990b:410) suggests the skeletal remains from Guam 
were "...not those of Chamorro-speaking individuals."
Hanihara (1992) reaches the opposite conclusion using 
cranial and dental measurements as well as nonmetric dental 
traits. His study combines recent populations from Borneo, 
Luzon, and Japan with pre-historic or pre-contact skeletal 
collections from Melanesia, Japan, Micronesia, Polynesia, 
Australia and China. The results refute Brace and Hunt and 
instead point to a Southeast Asian origin for both the 
Micronesians and Polynesians. Ishida and Dodo (1993), using 
nonmetric cranial traits, found significant differences 
between the Hawaiians and Chamorro yet note these two 
populations still cluster together. More importantly, 
neither aligned with the Jomon and, in fact, both cluster 
with the east Asians. They conclude a Southeast Asian origin 
for the Chamorro and Hawaiians is more likely. Results from 
the present study would indicate that a Southeast Asian 
origin for the Chamorro is also likely. The frequency of 
eight of the Chamorro dental traits were similar to those of 
the East Malay Archipelago. They were not, however, very 
similar to the Taiwan, Prehistoric Taiwan, or Philippine 
samples.
Finally, cranial measurements and Q-mode analysis by 
Howells (1989) of skeletal series from around the world 
produced only confusing results for the Guam series. In a 
previous study skulls from the Chamorro were closest to the 
Philippines (Howells,1974). However, he notes (1989:78) the 
Micronesian samples produced disordered affiliations 
"...refusing to take a constant positions among the others, 
although in the simplest clustering they are found with East 
Asiatics." Howells further suggests this non-conformity for 
the Guam series is a reflection of their history of 
settlement and contact. Based on the literature which 
discusses the possible origins for the Chamorro using 
evidence from archaeology, linguistics, and physical 
anthropology this would seem to be the best conclusion at 
this time.
Summary
The analysis of Chamorro dentition and a brief review 
of the literature concerning linguistics and archaeology in 
Southeast Asia, unfortunately, does not allow for firm 
conclusions about the peopling of Guam. It is possible to 
state that the Chamorro are a part of Turner's Sundadont 
group. The Chamorro dentition can be described as having 
lower percentages of shoveling, double shoveling, tuberculum 
dental, canine distal accessory ridges, parastyle, Cusp 6, 
and the deflecting wrinkle. High frequencies of the
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protostylid fall in line with the Sinodonts, however, 
possible errors in observing the pit form of this trait are 
noted as an explanation for the high frequency of this trait 
among the Chamorro. High frequencies of the hypocone and low 
frequencies of Cusp 7 among all the populations discussed in 
this study made it difficult to determine if the Chamorro 
were close to the Sinodonts or Sundadonts. It may be 
possible that these traits are not as useful in determining 
biological affinity compared to other traits such as 
shoveling of the incisors.
A comparison of ten dental trait frequencies with other 
Asian and non-Asian populations appears to support Turner's 
conclusion that the Chamorro did not migrate directly from 
the Philippines. It is admitted that frequency comparisons 
cannot be taken as strong evidence for biological affinity 
with any population. However, as the lack of raw data did 
not allow for statistical analysis the comparisons were made 
using simple frequencies in order to obtain a general idea 
of possible relationships. It is interesting to note that 
the North China-Mongolia, Taiwan, and Philippine samples are 
less like the Chamorro while the Ainu and East Malay 
archipelago are more similar. This appears to support 
Turner's (1990b) suggestion that the Chamorro did not 
originate in the Philippines but likely somewhere else in 
Southeast Asia.
The dental results from this study go against the 
archaeological and linguistic evidence presented which
1 0 2
indicate Taiwan as the starting point for Proto-Austronesian 
language and, based on ceramics, the central Philippines as 
the homeland for the Chamorro. Cranio-metrics, 
odontometrics, and studies using dental morphology produce a 
variety of results placing Guam with Polynesians and Jomon- 
Ainu or separate from Jomon-Ainu and closer to other 
Southeast Asians. Like the dental results obtained here, the 
most that can be gathered from other metric studies is that 
the Chamorro fit closer with Southeast Asians than with 
Northern Asians or Native Americans.
The issue of biological affinity for the Chamorro is a 
sticky one as the archaeological and linguistic data do not 
appear to support each other. The only way to correlate the 
archaeological and linguistic data with the dental results 
here would be to suggest a homeland in the Celebes where the 
red-slipped pottery was located (from Timor to the 
Philippines approximately 3000-1500 B.C.) and the Western 
and Central-eastern Malayo-Polynesian languages were spoken. 
There appears to be no way to connect the close affiliation 
of the Marianas Redware with the Masbate pottery in the 
central Philippines without having the Chamorro migrate 
through the Philippines. It is possible that Turner is 
correct in suggesting a more southerly origin for the 
Chamorro, however, the possibility for migration through the 
Philippines still remains open. The difficulty in connecting 
the evidence from archaeology and linguistics with physical
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anthropology lies in the fact that cultures and languages 
can be shared with little genetic exchange.
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